INTRODUCTION
Funded by the Federal Government's Science and Industry Endowment Fund (SIEF) in association with industry partners, "Distal Footprints of Giant Ore Systems: Capricorn Case Study" is a multidisciplinary projecting that uses the Capricorn Orogen in Western Australia as a natural laboratory in which to define the mineral systems, understand cover sequences, develop exploration approaches and appropriate toolkits that significantly improve our ability to prospect under cover. The project is a major geoscientific initiative which involves geology, geochemistry and geophysics and aims to characterise the Capricorn Orogen from the near surface (regolith) to the mantle.
The geophysical component of the project involves scientists from the Centre for Exploration Targeting at The University of Western Australia, the Geological Survey of Western Australia, the Mineral Resources Research Flagship of CSIRO and the Australian National University. Geophysical work includes 30,119 km of airborne EM, an orogeny-wide grid of MT stations and passive seismic stations and detailed interpretation of potential field data ( Figure.1 ). An extensive petrophysical sampling programme is planned.
The Capricorn Orogen records the collisions of several continental basement terranes and a long and complex history of intraplate deformation, metamorphism and magmatism. The study area lies between, and on, the margins of two cratonic blocks; the Yilgarn and Pilbara Cratons. Adjacent to the Yilgarn Craton is the Glenburgh Terrane. This terrane is exposed in the west, but the extent of its eastward continuation under cover is not known. Overlying the basement blocks are a series of Proterozoic sedimentary basins which are variably deformed and metamorphosed. The area contains some important gold and base metal deposits, e.g. De Grussa, Plutonic, Abra, Poulsens, but is considered under-explored and so there is potential for further significant discoveries.
SURVEYS TO IMAGE DEEP STRUCTURE
A key project deliverable is a map-of electrical and seismic property variations within a volume of lithosphere with horizontal dimensions of approximately 400 km by 400 km and extending to around 150 km depth.
Of key importance is the mapping of cratonic boundaries, which are known to be a first-order control on the locations of mineralisation in comparable terrains elsewhere in the world, e.g. McCuaig et al. (2010) . Although exposed to the north and south of the study area, the extent of the cratons below the Capricorn Orogen is only constrained along a few geophysical transects in the west, e.g. Johnson et al. (2014) , Reading et al. (2012) . Cratonic areas have low electrical conductivity when compared with areas of the crust that have undergone orogenesis and as such mapping conductivity variations in the crust is an effective and well established means of mapping craton margins in the subsurface.
Cratons also have characteristic seismic signatures.
SUMMARY
A major geophysical experiment has begun in the Capricorn Orogen in Western Australia. Orogen-scale passive seismic and magnetotelluric surveys are on-going and preliminary results suggest have successfully delineated the base of the crust and major structures and tectonic boundaries. Airborne electromagnetic data have successfully mapped features in the near-surface such as palaeovalleys.
The integration of the different geophysical datasets with each other and with parallel geological studies are intended to lead to a better understanding the Capricorn Orogen and develop exploration approaches and appropriate toolkits that significantly improve our ability to prospect under cover.
Equally important is identifying deep penetrating faults since these are expected to act as conduits for metal-bearing magmas and brines originating in the deep crust and mantle. Major mantle tapping structures are expected to be associated with the margins of the Pilbara and Yilgarn Cratons. In addition, if there are basement blocks located between the cratons, as occurs at the surface in the west with the Glenburgh Terrane and as has been inferred in the lower crust from seismic reflection data (Johnson et al., 2014) then, important structures are expected at their boundaries. Although the exact cause is poorly understood large geological structures seen at the surface have been shown, in many areas around the world, to correspond with anomalous electrical conductivity. Usually there is an increase in conductivity, probably due to deposition of electrically conductive mineral phases from fluids moving through what are expected to be zones of enhanced permeability. Less commonly, decreased conductivity is observed and this appears to be due to silicification and the formation of mylonitic fabrics. In both cases mapping the major structures using magnetotelluric data is expected to be possible, providing important information on regional prospectivity.
Although Australia is not particularly seismically active, tectonically active areas to the north (Indonesia and Papua New Guinea) and south east (New Zealand) will provide a good source of teleseismic events. Receiver function studies will look at the time delay at different stations of the direct P-waves and the converted S waves to look for horizontal boundaries such as the base of the crust and the differences in seismic velocity above and below the boundary. Ambient noise analysis uses comparisons of data recorded at two stations to map variations in S-wave velocity. It is particularly sensitive to variations in the upper and middle crust. 3D variations in velocity will also be obtained from tomographic inversions of body waves. Recordings of mine-blasts and local seismicity may also be useful for mapping shallow structure.
Magnetotelluric Surveys
Both broadband and long-period MT data have been, or are being, acquired. The data comprise a series of north-south traverses across the Capricorn Orogen (Fig.1) and are designed to build on a successful survey in the east of the study area ( Fig.2 ; Dentith et al., 2014) . To date around 80 broadband measurements have been made. Station spacing is 10-20 km with recording for about 40 hrs. It is expected to collected data from a further 30 stations. Long period data will be acquired in 2015 with recording periods of about 2 weeks and a station spacing of 25 km.
Seismic Surveys
A passive seismic array was deployed in March 2014. The array comprises 36 3-component broadband stations (Fig.1) that cover a nearly 500 x 500-km region with an average station spacing of about 50 km. Of these stations, 8 sites will be occupied for 3 years and the remainder for 18 months. The shorter term stations are currently deployed in the western part of the Orogen, and will be moved to the eastern part in 2015. Figure 3 shows the travel time residuals of the April 19 2014 offshore Papua New Guinea M 7.5 earthquake for the Moho converted shear-wave (Fig.3a) and the teleseismic P-wave (Fig.3b ) measured at the (mostly) western array stations. These preliminary measurements illustrate the relatively thickness crust of the Capricorn Orogen, and fast upper mantle nearly uniformly distributed beneath the orogen and both cratons. The large-scale passive seismic experiment will be supplemented by a high-resolution transect of 25 stations, approximately 2 km apart, in the western Capricorn Orogen, coinciding with part of an existing deep reflection survey (Johnson et al., 2014) . The reflection survey defined major geological boundaries and the base of a succession of Proterozoic sediments. Both these features are considered to be key controls on terrain-scale prospectivity for base-and precious metal deposits. The primary objective of the highresolution experiment is to determine whether these same features can be mapped using teleseismic methods. Success would demonstrate that these key prospectivity indicators can be mapped comparatively cost-effectively and would provide the basis for a convincing argument when applying for funding for additional surveys. Ambient noise methods will be tested to see whether they can resolve the structure and thickness of the Proterozoic basins.
SURVEYS TO IMAGE NEAR-SURFACE STRUCTURE
Airborne EM data, using the TEMPEST® system, have been flown across almost the entire Capricorn Orogen (Fig.1) . This is the largest AEM survey by area flown in Australia to date, at 146 300 km 2 (Costello 2014) . Line spacing was 5 km, with 191 lines being acquired. These data have been combined with an earlier SPECTREM survey flown in the south of the study area (Munday et al., 2013) .
Over 2,155,000 soundings have been inverted to gain an understanding of how conductivity varies from surface to depths or around 500 m. From our previous work (LeyCooper et al., 2010; Munday et al., 2013) we know these conductivity models are good proxies that can be used in deriving regional maps of regolith-thickness. Figure 4 is a conductivity slice, at a depth range between 30 and 40 m below surface, draped over a first vertical derivate total magnetic intensity (1stVD) shown in a greyscale. Interesting to note is how at this depth the dendritic pattern highlighted by the more conductive values sometimes aligns well with the current drainage, but in other places tends to follow areas of deeper faulting (as suggested by the magnetic data). This demonstrates the airborne EM's capability of mapping palaeovalleys in a three dimensional manner.
GRAVITY AND MAGNETIC STUDIES
Gravity and magnetic data will be used to constrain crustal structure at a variety of scales and for a variety of purposes. Methods will include the following: geologically constrained structural interpretation of magnetic and gravity data to constrain the tectonic evolution of the region and its relation to mineral systems; depth to magnetic basement studies to constrain the thickness and structure of sedimentary basins and define intra-basin sills. The large-scale 3D structure of the region will be addressed in 3D using gravity, magnetic and joint gravity-magnetic inversions. These studies will especially target the heterogeneous mid-to-lower crust, which is a likely source of much of the gravity field in this region (Aitken et al., , 2014 Alghamdi et al., 2015) . Local scale magnetic properties studies (remanent magnetization, anisotropy of magnetic susceptibility) will also be undertaken. These will provide information on regional thermal, alteration and mineralisation events, and will constrain magnetic modelling studies.
SUMMARY
The Capricorn geophysical experiment is one of the largest multi-method surveys attempted in Australia and aims to image the lithosphere from the very shallow to the very deep. Key targets are the nature and thickness of regolith and surficial sediments, the thickness of Proterozoic sedimentary basins, the thickness of the crust and the identification and mapping of major tectonic boundaries and associated deep penetrating faults. The geophysical survey is part of a multi-disciplinary multi-scale geoscientific of mineral systems under cover.
The experiment offers the opportunity to compare and integrate regional MT and passive seismic datasets and electromagnetic data of various types providing information at a range of scales and depths.
CONCLUSIONS
This section should include (1) the principles, relationships, and generalisations inferred from the results, (2) any exceptions to, or problems with, these principles, relationships and generalisations, (3) agreements or disagreements with previously published work, (4) theoretical and practical implications of the work, and (5) 
